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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE AND PREPARATION THEREOF 

(57)Abstract: 

PURPOSE: To provide a highly efficient and long-life semiconductor light 
emitting device produced by a higher quality of III group nitrided 
semiconductor InGaASlN epitaxial fihii. 

CONSTITUTION: There is formed a surface nitrided layer 2 on a sapphire 
substrate 1 . There are further formed an AIN buffer layer 3, a GaN layer 4 
and a GaN light emitting layer 5 on the surface of the nitride layer, which 
constitutes the production method of a semiconductor light emitting device. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The semiconductor light emitting device characterized by including the nitrated case formed in the aforementioned 
silicon-on-sapphire front face, and the AIN buffer layer deposited on the aforementioned nitrated case in the semiconductor light 
emitting device containing at least one layer (0<=x<=l , 0 <=x+y<=l ) of Inl -x-y Gax Aly N formed on silicon on sapphire. 
[Claim 2] The production method of the semiconductor tight emitting device characterized by providing the followmg. The 1st 
process which heat-treats silicon on sapphire in nitrogen material gas atmosphere, and forms a substrate front face mto smgle 
crystal AIN The 2nd process which deposits polyciystal or an amorphous AIN buffer layer by the reaction with alummum 
material gas on a nitrated case. The 3rd process which anneals the aforementioned AIN buffer layer at an elevated temperature 
rather than the deposition temperature. The 4th process which forms the luminous layer containing at least one layer of biGaAlN 

layers. , . . , 

[Claim 3] As any one of organic aluminum, an aluminum halide, or the metal aluminum steams, and mtrogen matenal gas, it is 
NH3 and N2 H2 as aluminum material gas. Or the production method of the semiconductor tight emitting device according to 
claim 2 characterized by being chosen out of any one of the organic amines. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In the III group nitride semiconductors InN, GaN, and AIN and InGaAlN, since a large-sized bulk 
single crystal cannot grow, generally epitaxial growth using sapphire as a substrate has been performed conventionally. However, 
between sapphire and the above-mentioned III group nitride semiconductor, the coefficient-of-thermal-expansion difference of 
grid mismatching [11- 23% of] and -2xl0-6[dog-l] exists, and the mismatching transposition and heat distortion which are 
produced for this reason serve as hindrance of improvement in the crystallinity and the electric optical property of an HI group 
nitride semiconductor epitaxial fihn. Moreover, because of the surface energy produced by the difference in both chemical 
property, the III group nitride semiconductor epitaxial film which grew directly causes remarkable three-dimensions growth on 
sapphire, and flattening of a surface gestalt and crystalline improvement are difficult for it to it. Consequently, the Inl -x-y Gax Aly 
N (0<=x<=l, 0 <=x+y<=l) light emitting device produced on silicon on sapphire had the problem that neither luminous 
efficiency nor an element life could fully be improved. 

[0003] In big hetero-epitaxial growth of grid mismatching, the quality of an epitaxial film can be improved by growing up 
throu^ material with the middle-physical constant of a substrate and an epitaxial film. The growth which minded the AIN layer in 
the III group nitride semiconductor growth on sapphire is effective. This is the result of easing grid mismatching and heat 
distortion efficiently, since AIN has middle-the lattice constant and coefficient of thermal expansion of sapphire and an III group 
nitride semiconductor. Moreover, the surface energy between near and both also has [ AIN and an III group nitride semiconductor 
] small chemical property. For this reason, if only it can form a flat AIN layer, three-dimensions growth of the epitaxial fihn which 
grows on it can be suppressed. 

[0004] As the AIN formation method of the above purpose, conventionally ** How to form a substrate fi-ont face into single 
crystal AIN by heat-treating silicon on sapphire in nitrogen material gas atmosphere, such as NH3, N2 H2, or an organic amine 
** How to supply aluminum material gas and nitrogen material gas, such as organic aluminum, an aluminum halide, or a metal 
aluminum steam, and deposit a single crystal AIN layer on the silicon on sapphire maintained at the elevated temperature in which 
single crystal growth of AIN is possible ♦* After supplying aluminum material gas and nitrogen material gas at 500-1000-degree 
C low temperature and depositing several 100-lOOOA polycrystal or an amorphous AIN layer, there was the method of 
single-crystal-izing by annealing at an elevated temperature from this. 

[0005] *♦ when several lOA nitrated case can be formed with sufficient repeatability, in order to accompany this single crystal 
AIN layer by inclination composition change by the method — only — ease grid mismatching effectively in several 1 OA field 
However, it became clear that the AIN layer produced by this method has started the surface dry area to lOA order as a result of 
detailed observation. It originates in this, and if it grows epitaxially on the AIN layer produced by the method of **, this 
irregularity will be emphasized with the increase in thickness, and the shape of flat surface type will not be acquired. 
[0006] Moreover, in order that the AIN layer produced by the method of ** may perform film growth at an elevated temperature, 
formation of a three-dimensions growth nucleus is not avoided. Although the AIN buffer layer produced by the method of ** and 
*♦ has an effect in improvement in the electric optical property of the epitaxial fihn which grew on it, it is more powerless than 
the above thing to suppression of three-dimensions growth. 

[0007] ** Since a method deposits an AIN film at low temperature from which three-dimensions growth does not take place, the 
formation of a flat buffer layer of it is attained. Consequently, three-dimensions growth of the epitaxial fihn which grows on it is 
suppressed, and flattening of a surface gestalt and crystallme improvement can be attained. By the way, the maximum thickness 
dmax for single-crystal-izing by annealing in the AIN layer which carried out low-temperature deposition on sapphire The 
minimum thickness dmin required since it becomes a continuation fihn It exists and is dmax about thickness, dmin It is necessary 
to control in between. Usually, dmax About lOOOA and dmin It is 100-200A. Furthermore, even if AIN buffer thickness is this 
range, it depends for the property of an epitaxial fihn to AIN buffer thickness strongly. However, there was a problem that the 
controllability of thickness was bad, by the conventional method of depositing a direct AIN layer on silicon on sapphire. In order 
to grasp this cause, as a result of investigating the growth time dependency of the growth thickness on [ AIN ] sapphire in a 
growth initial stage in detail, it became clear that the time lag for 1 - 3 minutes without repeatability as shown in drawing 5 exists. 
It is because deposition does not begin imtil it reaches the concentration which this time lag originates in the difference of the 
chemical property of sapphire and AIN, and has the concentration of the aluminum material gas on a substrate. This is an essential 
problem as long as it is going to deposit AIN direcfly on sapphire. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor light emitting device which is ultraviolet and emits light from 

it being visible (infrared), and its production method. 

[0002] 

Pescription of the Prior Art] In the III group nitride semiconductors InN, GaN, and AIN and InGaAlN, since a large-sized bulk 
single crystal cannot grow, generally epitaxial growth using sapphire as a substrate has been performed conventionally. However, 
between sapphire and the above-mentioned III group nitride semiconductor, the coeflScient-of-thermal-expansion difference of 
grid mismatching [11- 23% of] and -2x 10-6 [dog- 1] exists, and the mismatching transposition and heat distortion which are 
produced for this reason serve as hindrance of improvement in the crystallinity and the electric optical property of an III group 
nitride semiconductor epitaxial film. Moreover, because of the surface energy produced by the difference in both chemical 
property, the III group nitride semiconductor epitaxial film which grew directly causes remarkable three-dimensions growth on 
sapphire, and flattening of a surface gestalt and crystalline improvement are difficult for it to it. Consequently, the Inl -x-y Gax Aly 
N (0<=x<=l, 0 <=x+y<=l) light emitting device produced on silicon on sapphire had the problem that neither luminous 
efiBciency nor an element life could fully be improved. 

[0003] In big hetero-epitaxial growth of grid mismatching, the quality of an epitaxial fihn can be improved by growing up 
throu^ material with the middle-physical constant of a substrate and an epitaxial film. The growth which minded the AIN layer in 
the III group nitride semiconductor growth on sapphire is effective. This is the result of easing grid mismatching and heat 
distortion efficiently, since AIN has middle-the lattice constant and coefficient of thermal expansion of sapphire and an III group 
nitride semiconductor. Moreover, the surface energy between near and both also has [ AIN and an III group nitride semiconductor 
] small chemical property. For this reason, if only it can form a flat AIN layer, three-dimensions growth of the epitaxial film which 
grows on it can be suppressed. 

[0004] As the AIN formation method of the above purpose, conventionally ** How to form a substrate front face into single 
crystal AIN by heat-treating silicon on sapphire in nitrogen material gas atmosphere, such as NH3, N2 H2, or an organic amine 
** How to supply aluminum material gas and nitrogen material gas, such as organic aluminum, an aluminum halide, or a metal 
aluminum steam, and deposit a single crystal AIN layer on the silicon on sapphire maintained at the elevated temperature in which 
single crystal growth of AIN is possible ** After supplying aluminum material gas and nitrogen material gas at 500-1000-degree 
C low temperature and depositing several 100- 1000 A polycrystal or an amorphous AIN layer, there was tiie method of 
single-crystal-izing by annealing at an elevated temperature from this. 

[0005] ** when several lOA nitrated case can be formed with sufficient repeatability, in order to accompany this single crystal 
AIN layer by inclination composition change by the method -- only ~ ease grid mismatching effectively in several lOA field 
However, it became clear that the AIN layer produced by this method has started the surface dry area to lOA order as a result of 
detailed observation. It originates in this, and if it grows epitaxially on the AIN layer produced by the method of **, this 
irregularity will be emphasized with the increase in thickness, and the shape of flat surface type will not be acquired. 
[0006] Moreover, in order that the AIN layer produced by the method of ** may perform fibn growth at an elevated temperature, 
formation of a three-dimensions growth nucleus is not avoided. Although the AIN buffer layer produced by the method of ** and 
** has an effect in improvement in the electric optical property of the epitaxial fihn which grew on it, it is more powerless than 
the above thing to suppression of three-dimensions growth. 

[0007] ** Since a method deposits an AIN film at low temperature from which three-dimensions growth does not take place, the 
formation of a flat buffer layer of it is attained. Consequently, three-dimensions growth of the epitaxial fihn which grows on it is 
suppressed, and flattening of a surface gestalt and crystalline improvement can be attained. By the way, the maximum thickness 
dmax for single-crystal-izing by annealing in the AIN layer which carried out low-temperature deposition on sapphire The 
minimum thickness dmin required since it becomes a continuation fihn It exists and is dmax about thickness, dmin It is necessary 
to control in between. Usually, dmax About lOOOA and dmin It is 100-200 A. Furthermore, even if AIN buffer thickness is this 
range, it depends for the property of an epitaxial fihn to AIN buffer thickness strongly. However, there was a problem that the 
controllability of thickness was bad, by the conventional method of depositing a direct AIN layer on silicon on sapphire. In order 
to grasp this cause, as a result of investigating the growth time dependency of the growth thickness on [ AIN ] sapphire in a 
growth initial stage in detail, it became clear that the time lag for 1 - 3 minutes without repeatability as shown in drawing 5 exists. 
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It is because deposition does not begin until it reaches the concentration which this time lag originates in the difference of the 
chemical property of sapphire and AIN, and has the concentration of the aluminum material gas on a substrate. This is an essential 
problem as long as it is going to deposit AIN directly on sapphire. 
[0008] 

[Problem(s) to be Solved by the hvention] It was made in order that this invention might solve the above-mentioned trouble, and 
the purpose is in offering the eflScient and long lasting semiconductor light emitting device by quality improvement of an HI group 
nitride semiconductor Inl-x-y Gax Aly N (0<=x<=l, 0 <=x+y<=l) epitaxial fihn, and offering the method of producing a light 
emitting device with sufficient repeatability. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, let this invention be the summary of invention 
of the semiconductor light emitting device characterized by including the nitrated case formed in the aforementioned 
silicon-on-sapphire front face, and the AIN buffer layer deposited on the aforementioned nitrated case in the semiconductor light 
emitting device containing at least one layer (0<=x<=l, 0 <=x+y<=l) of Inl-x-y Gax Aly N formed on silicon on sapphire. 
Furthermore, the 1 st process which this invention heat-treats silicon on sapphire in nitrogen material gas atmosphere, and forms a 
substrate front face into single crystal AIN, The 2nd process which deposits polyciystal or an amorphous AIN buffer layer by the 
reaction with aluminum material gas on a nitrated case. It considers as the summaiy of invention of the production method of the 
semiconductor light emitting device characterized by including the 3rd process which anneals the aforementioned AIN buffer 
layer at an elevated temperature rather than the deposition temperature, and the 4th process which forms the luminous layer 
containing at least one layer of InOaAlN layers. If it puts in another way, the semiconductor light emitting device of this invention 
will be characterized [ main ] by including the AIN buffer layer deposited on the nitrated case formed in the silicon-on-sapphire 
front face, and this nitrated case. Moreover, the production method of the semiconductor light emitting device of this invention is 
characterized [ main ] by including the first process which carries out nitriding treatment of the silicon on sapphire in nitrogen 
material gas atmosphere, the second process which deposits an AIN buffer layer by the reaction of aluminum material gas and 
nitrogen material gas on this nitrated case, and the third process which anneals this AIN buffer layer at an elevated temperature 
rather than deposition temperature, 

[0010] In the structure and the production method, the following points differ from the semiconductor light emitting device 
produced on sapphire through the conventional AIN layer. That is, the points containing the AIN buffer layer single-crystal-ized 
by annealing after low-temperature deposition in contact with the semiconductor light emitting device which produced the front 
face by nitriding treatment on the silicon on sapphire which turned single crystal AIN to the surface nitrated case differ. The 
single-crystal-ized point differs from the semiconductor light emitting device produced through the AIN buffer layer deposited at 
the elevated temperature more than the single crystal growth temperature of AIN on silicon on sapphire by performing deposition 
of the point which has deposited the AIN buffer layer through a sapphire surface nitrated case, and an AIN layer at the low 
temperature from which a flat AIN layer is obtained, and annealing at an elevated temperature from this after that. Moreover, the 
point which has deposited the AIN buffer layer through a sapphire surface nitrated case differs from the semiconductor light 
emitting device produced through the AIN buffer layer single-crystal-ized by armealing at an elevated temperature from this after 
carrying out low-temperature deposition. 
[0011] 

[Function] In this invention, without producing the time lag in early stages of growth, since the single-crystal-ized AIN buffer 
layer is formed on silicon on sapphire, growth can be started and it has the operation which is fiirther excellent in flat nature. 
[0012] 

[Example] Next, the example of this invention is explained, hi addition, an example is one instantiation, it is the range which does 
not deviate from the pneuma of this invention, and it cannot be overemphasized that various change or improvement can be 
performed. 

[00 1 3] (Example 1 ) Drawing 1 is drawing explaining the first example of this invention, and shows the cross section of a light 
emitting device. This light emitting device consists of an electrode 6 of the nitrated case 2 Ca nitriding dp th of 5QA) formed in the 
front face of the sapphire (0001) substrate 1, the AIN buffer layer 3 of 500 A of thickness, tiie §i dope n^type low resistance GaN 
layer 4 of 5 micrometers of thickness, the GaN luminous layer 5 formed into the half-insulation by Zn doping of 0.5 micrometers 
of thickness, and a half-insulating layer, and an ohmic electrode 7 of a low resistive layer [ type / n ]. When negative voltage was 
applied to the electrode 6 for positive voltage at the electrode 7, the luminous layer 5 emitted light on the wavelength of 480nm. 
The maximum optical output was O.SmW and the external quantum efficiency was 0.2%. At this example, although GaN was 
used as an n type low resistive layer and a half-insulating layer, luminescence wavelength can be changed in 300-800nm by 
replacing with this and using Inl -x-y Gax Aly N (0<=x<=l , 0 <=x4y<=l). 

[00 14] (Example 2) Drawing 2 is drawing explaining the second example of this invention, and shows the cross section of a light 
emitting device. This light emitting device consists of an ohmic electrode 16 of the nitrated case 1 1 ( a nitriding depth of 50A ) 
formed in the front face of the sapphire (000 1 ) substrate 1 0, the AIN buffer layer 1 2 of 500A of thickness, the Si dope n type 
hiAlN clad layer 1 3 of 5 micrometers of thickness, the undoping InGaN barrier layer 1 4 of 0.5 micrometers of thickness, the Mg 
dope p type InAlN clad layer 1 5 of 2 micrometers of thickness, and p type clad layer, and an ohmic electrode 1 7 of n type clad 
layer The InAlN layer 1 3 and the InGaN layer 1 4 which were shown here carried out grid adjustment mutually, and they chose 
composition so that 0.3eV or more of bandgap energy of a clad layer might become large compared with the bandgap energy of a 
barrier layer. Consequently, the refractive index of a clad layer becomes small about 1 0% compared with the refractive index of a 
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barrier layer. When negative voltage was applied to the electrode 16 for positive voltage at the electrode 17, the barrier layer 14 
emitted light on the wavelength of 420nm. The maximum optical output was 1 3m W and the external quantum efficiency was 3%. 
[00 1 5] this example as n type and p type clad layer - InAlN — moreover, although InGaN was used as a barrier layer, 
luminescence wavelength can be changed in 1 90-650nm by carrying out grid adjustment mutually and changing composition 
under the conditions that 0.3eV or more of bandgap energy of a clad layer becomes large compared with the bandgap energy of a 
barrier layer 

[0016] E)rawing 3 is an III group organic metal and NH3 as material gas. About the case where it uses, an example of the growth 
equipment for enforcing the production method of the semiconductor light emitting device of this invention is shown, drawing ~ 
setting — 20 — a sapphire (0001) substrate and 21 — a carbon susceptor and 22 -- a quartz coil and 23 - a RF induction coil and 
24 — a thermocouple and 25 -- an organic-metal gas introduction pipe and 26 - NH3 A gas introduction pipe and 27H2 Gas and 
N2 A gas introduction pipe and 28 show an exhaust port. 

[0017] In order to produce the multilayer structure for the semiconductor light emitting devices of this invention with this 
equipment, the inside of the quartz coil 22 is first exhausted with evacuation equipment. Next, it is H2 for 0.5-201./in the quartz 
coil 22. After introducing gas, sapphire (0001) substrate 20 front face is defecated by energizing the RF induction coil 23 by 
heating the carbon susceptor 21 at 1000-1300 degrees C, and holding it for 1 to 60 minutes. Then, H2 It is0.5-201.NH3 for 
/about gas. From changing to gas and holding for 1 to 60 minutes, sapphire (0001) substrate 20 front face is formed into single 
crystal AIN. Next, the temperature of the carbon susceptor 21 is lowered to 500-1000 degrees C. It is the trimethylaluminimi 
(TMAl) which set the temperature of a bubbler as 1 5-60 degrees C in this state H2 for 1 - 1 000 cc/Bubbling is carried out by gas 
(or N2 or Ar gas), and it is H2 for 0-201./. From the post-introduction pipe 25 made to join gas (or N2 or Ar gas), the quartz coil 
22 is supplied and a single crystal or an amorphous AIN layer is deposited. The total gas ** in the quartz coil 22 under growth is 
adjusted to 40 - lOOOTorr. Supply to the quartz coil 22 of TMAl is stopped in the place on which 10-2000A of AlN(s) was made 
to deposit, the carbon susceptor 21 is heated at 1000-1300 degrees C, and it is NH3. The AIN film deposited by holding in 
atmosphere for 1 to 60 minutes is single-crystal-ized. Multilayer structures, such as a clad layer for li^t emitting devices and a 
barrier layer, are produced after this. 

[0018] the above-mentioned example - as an III group raw material and a nitrogen raw material ~ TMAl and NH3 although used 
" this ~ replacing with -- other III group raw materials, such as other HI group organic metals, such as TEAl, or an III group 
halide ghost, and N2 H2 Even if it uses the nitrogen raw material of others, such as an organic amine, the effect of this appearance 
is acquired. In the above-mentioned example, alfliough the field was used as a field direction (0001) of silicon on sapphire, even if 
it replaces with this and uses a field (01 12), a field (0110), and a field (2110), the same effect is acquired. 
[0019] 

[Effect of the Invention] Growth can be started in the semiconductor light emitting device of this invention, without producing the 
time lag in early stages of growth as drawing 4 shows the sapphire front face which turned AIN by carrying out nitriding treatment 
beforehand, in order to carry out the low-temperature deposition of the AIN layer. For this reason, the tiiickness control of an AIN 
buffer layer can be performed with precisely sufficient repeatability. In advance of deposition of AIN, about a sapphire front face, 
AIN, since it was made to turn, this is for deposition to begin simultaneously with the attainment to the substrate front face of 
aluminum material gas. Moreover, in depositing AIN on a surface nitrated case, when becoming a continuation film by thinner 
thickness compared with the case where it deposits on unsettled silicon on sapphire directly, it has the advantage of excelling also 
in flat nature. Furthermore, since the nitrated case formed on silicon on sapphire has the effect which raises the crystallinity of the 
AIN buffer layer deposited on it, it also raises the property of the epitaxial film which grew on it. Moreover, since the AIN layer 
which carried out low-temperature deposition has the operation which carries out flattening of the irregularity of the atomic order 
produced on the sapphire front face by nitriding treatment, in case it grows epitaxially a direct III group nitride semiconductor thin 
fihn on a sapphire surface nitrated case, it can suppress the three-dimensions growth which poses a problem. 
[0020] Consequently, according to this invention, an efficient and long lasting semiconductor light emitting device is producible 
with sufficient repeatability. Especially the thing for which the thickness-control nature in the initial stage of the AIN layer which 
the nitrated case formed on silicon on sapphire deposits on it, and its flat nature and crystallinity are raised is a completely new 
effect. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] Growth can be started in the semiconductor light emitting device of this invention, without producing the 
time lag in early stages of growth as drawing 4 shows the sapphire front face which turned AIN by carrying out nitriding treatment 
beforehand, in order to carry out the low-temperature deposition of the AIN layer. For this reason, the thickness control of an AIN 
buffer layer can be performed with precisely sufiicient repeatability. In advance of deposition of AIN, about a sapphire front face, 
AIN, since it was made to turn, this is for deposition to begin simultaneously with the attainment to the substrate front face of 
aluminum material gas. Moreover, in depositing AIN on a surface nitrated case, when becoming a continuation fibn by thinner 
thickness compared with the case where it deposits on unsettled silicon on sapphire directly, it has the advantage of excelling also 
in flat nature. Furthermore, since the nitrated case formed on silicon on sapphire has the effect which raises the crystallinity of the 
AIN buffer layer deposited on it, it also raises the property of the epitaxial fibn which grew on it. Moreover, since the AIN layer 
which carried out low-temperature deposition has the operation which carries out flattening of the irregularity of the atomic order 
produced on the sapphire front face by nitriding treatment, in case it grows epitaxially a direct III group nitride semiconductor thin 
film on a sapphire surface nitrated case, it can suppress the three-dimensions growth which poses a problem. 
[0020] Consequently, according to this invention, an efficient and long lasting semiconductor light emitting device is producible 
with sufficient repeatability. Especially the thing for which the thickness-control nature in the initial stage of the AIN layer which 
the nitrated case formed on silicon on sapphire deposits on it, and its flat nature and crystallinity are raised is a completely new 
effect. 



[Translation done.] 



1 of 1 



7/31/02 3:24 PM 



http7/www4.lpdl,Jpo.go.Jp/cgl-bIrT/lran_web_cgLelje 



♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This dcKument has been translated by computer. So the translation may not reflect the original precisely. 

2. **♦♦ shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It was made in order that this invention might solve the above-mentioned trouble, and 
the purpose is in offering the eflScient and long lasting semiconductor light emitting device by quality improvement of an III group 
nitride semiconductor Inl-x-y Gax Aly N (0<=x<=l, 0 <=x+y<=l) epitaxial film, and offering the method of producing a light 
emitting device with sufficient repeatability. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, let this invention be the summary of invention 
of the semiconductor light emitting device characterized by including the nitrated case formed in the aforementioned 
silicon-on-sapphire fix)nt face, and the AIN buffer layer deposited on the aforementioned nitrated case in the semiconductor light 
emitting device containing at least one layer (0<=x<=l, 0 <=x4y<:=l) of Inl -x-y Gax Aly N formed on silicon on sapphire. 
Furthermore, the 1 st process which this invention heat-treats silicon on sapphire in nitrogen material gas atmosphere, and forms a 
substrate front face into single crystal AIN, The 2nd process which deposits polycrystal or an amorphous AIN buffer layer by the 
reaction with aluminum material gas on a nitrated case. It considers as the summary of invention of the production method of the 
semiconductor light emitting device characterized by including the 3rd process which anneals the aforementioned AIN buffer 
layer at an elevated temperature rather than the deposition temperature, and the 4th process which forms the luminous layer 
containing at least one layer of InGaAlN layers. If it puts in another way, the semiconductor light emitting device of this invention 
will be characterized [ main ] by including the AIN buffer layer deposited on the nitrated case formed in the silicon-on-sapphire 
front face, and this nitrated case. Moreover, the production method of the semiconductor light emitting device of this invention is 
characterized [ main ] by including the first process which carries out nitriding treatment of the silicon on sapphire in nitrogen 
material gas atmosphere, the second process which deposits an AIN buffer layer by the reaction of aluminum material gas and 
nitrogen material gas on this nitrated case, and the third process which anneals this AIN buffer layer at an elevated temperature 
rather than deposition temperature. 

[0010] In the structure and the production method, the following points differ from the semiconductor light emitting device 
produced on sapphire through the conventional AIN layer. That is, the points containing the AIN buffer layer single-crystal-ized 
by annealing after low-temperature deposition in contact with the semiconductor light emitting device which produced the front 
face by nitriding treatment on the silicon on sapphire which turned single crystal AIN to the surface nitrated case differ. The 
single-crystal-ized point differs from the semiconductor light emitting device produced through the AIN buffer layer deposited at 
the elevated temperature more than the single crystal growth temperature of AIN on silicon on sapphire by performing deposition 
of the point which has deposited the AIN buffer layer through a sapphire surface nitrated case, and an AIN layer at the low 
temperature from which a flat AIN layer is obtained, and annealing at an elevated temperature from this after that. Moreover, the 
point which has deposited the AIN buffer layer through a sapphire surface nitrated case differs from the semiconductor light 
emitting device produced through the AIN buffer layer single-crystal-ized by annealing at an elevated temperature from this after 
carrying out low-temperature deposition. 
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OPERATION 



[Function] In this invention, without producing the time lag in early stages of growth, since the single-crystal-ized AIN buffer 
layer is formed on silicon on sapphire, growth can be started and it has the operation which is further excellent in flat nature. 
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EXAMPLE 



[Example] Next, the example of this invention is explained. In addition, an example is one instantiation, it is the range which does 
not deviate from the pneuma of this invention, and it cannot be overemphasized tiiat various change or improvement can be 
performed. 

[0013] (Example 1) Drawing 1 is drawing explaining the first example of this invention, and shows the cross section of a hght 
emitting device. This hght emitting device consists of an electrode 6 of the nitrated case 2 (a nitriding depth of 50A) formed in the 
front face of the sapphire (0001 ) substrate 1 , the AIN buffer layer 3 of 500A of thickness, ^e Si dope n type low resistance GaN 
layer 4 of 5 micrometers of thickness, the GaN luminous layer 5 formed into the half-insulation by Zn doping of 0.5 micrometers 
of thickness, and a half-insulating layer, and an ohmic electrode 7 of a low resistive layer [ type / n ]. When negative voltage was 
applied to the electrode 6 for positive voltage at the electrode 7, the luminous layer 5 emitted hght on the wavelength of 480nm. 
The maximum optical output was 0.8mW and the external quantum efficiency was 0.2%. At this example, although GaN was 
used as an n type low resistive layer and a half-insulating layer, luminescence wavelength can be changed in 300-800nm by 
replacing with this and using hil -x-y Gax Aly N (0<=x<=l , 0 <=x+y<=l ). 

[00 1 4] (Example 2) Drawing 2 is drawing explaining the second example of this invention, and shows the cross section of a light 
emitting device. This light emitting device consists of an ohmic electrode 1 6 of the nitrated case 1 1 (a nitriding depth of 50A) 
formed in the front face of the sapphire (000 1 ) substrate 1 0, the AIN buffer layer 1 2 of 500A of thickness, the Si dope n type 
hiAlN clad layer 13 of 5 micrometers of thickness, the undoping InGaN barrier layer 14 of 0.5 micrometers of thicloiess, the Mg 
dope p type InAJN clad layer 1 5 of 2 micrometers of thickness, and p type clad layer, and an ohmic electrode 1 7 of n type clad 
layer The LiAlN layer 13 and the hiGaN layer 14 which were shown here carried out grid adjustment mutually, and they chose 
composition so that 0.3eV or more of bandgap energy of a clad layer might become large compared with the bandgap energy of a 
barrier layer. Consequently, the refractive index of a clad layer becomes small about 10% compared with the refractive index of a 
barrier layer. When negative voltage was applied to the electrode 16 for positive voltage at the electrode 17, the barrier layer 14 
emitted light on the wavelength of 420nm. The maximum optical output was 1 3mW and the external quantum efficiency was 3%. 
[0015] this example - as n type and p type clad layer - InAlN -- moreover, although LiGaN was used as a barrier layer, 
luminescence wavelength can be changed in 190-650nm by carrying out grid adjustment mutually and changing composition 
under the conditions that 0.3eV or more of bandgap energy of a clad layer becomes large compared with the bandgap energy of a 
bairier layer 

[00 16] Drawing 3 is an III group organic metal and NH3 as material gas. About the case where it uses, an example of the growth 
equipment for enforcing the production method of the semiconductor light emitting device of this invention is shown, drawing -- 
setting - 20 — a sapphire (0001) substrate and 21 — a carbon susceptor and 22 — a quartz coil and 23 — a RF induction coil and 
24 " a thermocouple and 25 — an organic-metal gas introduction pipe and 26 - NH3 A gas introduction pipe and 27H2 Gas and 
N2 A gas introduction pipe and 28 show an exhaust port. 

[00 1 7] hi order to produce the multilayer structure for the semiconductor light emitting devices of this invention with this 
equipment, the inside of the quartz coil 22 is first exhausted with evacuation equipment. Next, it is H2 for 0.5-201./in the quartz 
coil 22. After introducing gas, sapphire (0001) substrate 20 front face is defecated by energizing the RF induction coil 23 by 
heating the carbon susceptor 21 at 1000-1300 degrees C, and holding it for 1 to 60 minutes. Then, H2 It is 0.5-201.NH3 for 
/about gas. From changing to gas and holding for 1 to 60 minutes, sapphire (0001 ) substrate 20 front face is formed into single 
crystal AIN. Next, the temperature of the carbon susceptor 21 is lowered to 500-1000 degrees C. It is the trimethylaluminum 
(TMAl) which set the temperature of a bubbler as 1 5-60 degrees C in this state H2 for 1 - 1 000 cc/Bubbling is carried out by gas 
(or N2 or Ar gas), and it is H2 for 0-201./. From the post-introduction pipe 25 made to join gas (or N2 or Ar gas), the quartz coil 
22 is supplied and a single crystal or an amorphous AIN layer is deposited. The total gas *♦ in the quartz coil 22 under growth is 
adjusted to 40 - lOOOTorr. Supply to the quartz coil 22 of TMAl is stopped in the place on which 10-2000A of AIN(s) was made 
to deposit, the carbon susceptor 21 is heated at 1000-1300 degrees C, and it is NH3. The AIN fihn deposited by holding in 
atmosphere for 1 to 60 minutes is single-crystal-ized. Multilayer structures, such as a clad layer for li^t emitting devices and a 
barrier layer, are produced after this. 

[0018] the above-mentioned example -- as an III group raw material and a nitrogen raw material -- TMAl and NH3 although used 
" this " replacing with — other III group raw materials, such as other III group organic metals, such as TEAl, or an III group 
halide ghost, and N2 H2 Even if it uses the nitrogen raw material of others, such as an organic amine, the effect of this appearance 
is acquired. In the above-mentioned example, although the field was used as a field direction (0001) of silicon on sapphire, even if 
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it replaces with this and uses a field (0112). a field (01 10), and a field (2110). the same effect is acquired. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 One example of the semiconductor light emitting device of this invention. 
[Drawing 2] Other examples of the semiconductor light emitting device of this invention. 

[Drawing 31 The epitaxial growth system of the compound semiconductor thin fihn used when producing the semiconductor hght 
emitting device of this invention. 

Prawing 41 The growth time dependency of the growth thickness in the AIN growth initial stage on the sihcon on sapphire which 
carried out nitriding treatment is shown. 

[Drawing 51 The growth time dependency of the growth thickness in the AIN growth initial stage on unsettled sihcon on sapphu-e 
is shown. 

[Description of Notations] 

1 Sapphire (0001) Substrate 

2 Sapphire Surface Nitrated Case 

3 AIN Buffer Layer 

4 Si Dope N Type Low Resistance GaN Layer 

5 Zn Dope Half Insulation GaN Luminous Layer 

6 Electrode of Half-Insulating Layer 

7 Ohmic Electrode of Low Resistive Layer [ Type / N ] 

10 Sapphire (0001) Substrate 

1 1 Sapphire Surface Nitrated Case 

12 AIN Buffer Layer 

1 3 Si Dope N Type hiAlN Clad Layer 

14 Undoping InGaN Barrier Layer 

1 5 Mg Dope P Type hiAlN Clad Layer 

16 Ohmic Electrode of P Type Clad Layer 

17 Ohmic Electrode of N Type Clad Layer 

20 Sapphire (0001) Substrate 

21 Carbon Susceptor 

22 Quartz Coil 

23 RF Induction Coil 

24 Thermocouple 

25 Organic-Metal Gas bitroduction Pipe 

26 NH3 Gas Introduction Pipe 

27 H2 Gas and N2 Gas Introduction Pipe 

28 Exhaust Port 
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* NOTICES ♦ 

Japeui Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 ♦*♦♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] this invention relates to the semiconductor light emitting device which is ultraviolet and emits light from 
it being visible (infrared), and its production method. 
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♦NOTICES* 

Japan Patent Office Is not responsible for any 
damages caused by the use of this translation. 

1 .This dcxsument has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



fPrawing 1] 




[Drawing 2 
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[Drawing 3] 
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Prawing 41 
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